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SUMMARY 
As a portion of an over-all performance investigation of the pro-
totype J47D (RXl-l) turbojet engine, the performance of compressor, com-
bustor, and turbine components was determined in the Lewis altitude wind 
tunnel over a range of altitudes from 5000 to 55,000 feet and at flight 
Mach numbers from 0.19 to 0.92. Investigations were conducted with the 
engine operating on an electronic control schedul~ and also with a two-
lever control system by which fuel flow and exhaust-nozzle area could 
be controlled separately. Two combustion-chamber configurations were 
investigated. 
Peak compressor efficiency occurred in the range of corrected 
engine speeds from 6000 to 6500 rpm for all flight conditions investi-
gated. A maximum compressor efficiency of 86 percent was obtained at 
an altitude of 5000 feet, a flight Mach number of 0.19, and a corrected 
engine speed of 6000 rpm. Compressor efficiency decreased with increas-
ing altitude because of the reduction in compressor Reynolds number. 
Reynolds numb~r had no effect on corrected air flow at altitudes below 
25,000 feet but at higher altitude air flow decreased with decreasing 
Reynolds number. 
When the engine speed or the flight Mach number was increased, or 
when the altitude was reduced, an increase occurred in combustion effi-
ciency, primarily because of the corresponding increase in combustion-
chamber inlet pressure and temperature. Combustion efficiencies for all 
flight conditions investigated correlated when plotted as a function of 
P3T3 
V3 where 
the fuel-air ratio and the combustion-chamber parameter 
P3 , T3 ) and V3 are the st~gnation pressure, stagnation temperature, and 
velocity, respectively, at the combustor inlet. 
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For engine speeds over 4000 rpm, turbine-efficiency values were 
between 79 and 86 percent for altitudes from 5000 to 55 ,000 feet and a 
flight Mach number of 0.19. Variations of exhaust-nozzle area or of 
flight Mach number from 0.19 to 0.92 had no appreciable effect on tur-
bine efficiency. 
INTRODUCTION 
An extensive investigation was conducted in the NACA Lewis altitude 
wind tunnel to determine the over-all and component performance of the 
prototype J47D (RXl-l) turbojet engine. Previous investigations of an 
earlier model of the J47 turbojet engine are reported in references 1 
to 5. The principal differences between these engines were: (1) The 
diameter of the first two stages of the compressor of the J47D turbojet 
engine was increased resulting in a rated-air-flow capacity about 3 per-
cent greater than earlier models; (2) the prototype J47D (RXl-l) turbo-
jet engine is equipped with an afterburner, a variable-area exhaust 
nozzle, and an integrated electronic control system. The investigation 
of the prototype J47D (RXl-l) was made to determine the effects of these 
changes, and to determine the altitude performance of the electronic 
control system. Engine performance and operational characteristics are 
reported in references 6 to 8. 
The steady-state performance characteristics of compressor, com-
bustor, and turbine components while the engine was operating on the 
electronic control schedule at simulated altitudes from 5000 to 
55,000 feet with a flight Mach number of 0.19, and with flight Mach 
numbers from 0.19 to 0.92 at an altitude of 25,000 feet is presented 
herein. In addition to the data obtained on the control schedule, data 
are presented showing the effect qf varying the exhaust-nozzle area at 
each of several fixed engine speeds at simulated altitudes of 15,000 
and 45,000 feet with a flight Mach number of 0.19. During the investi-
gation, the engine combustion chambers were modified to improve the 
al ti tude' starting characteristics. A comparison of the performance 
characteristics of the original and modified combustors is included 
herein. Component-performance data are presented in tabular form as 
well as graphical form. 
APPARATUS 
The J47D turbojet engine (without afterburning ) has a sea-level 
static- thrust rating of 5670 pounds with an engine speed of 7950 rpm and 
a turbine-outlet-gas temperature of 12750 F . A more detailed descrip-
tion of the engine is given in reference 7. The electronic control was 
scheduled for a compromise between optimum steady-state performance and 
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the desired acceleration characteristics of the engine. In steady-state 
operation without afterburning, engine speed and exhaust-nozzle area 
were considered scheduled as a function of the position of the thrust 
selector. 
Compressor. - The 12-stage axial-flow-compressor rotor (fig. lea)) 
has an outside diameter . of 30.1 inches at the leading edge of the first-
stage blading and from the third stage aft the blade tip diameter is 
constant at 28.9 inches. Th~ compressor has a single row of inlet guide 
vanes and a double row of outlet guide vanes. The compressor rated air 
flow is 99 pounds per second at a pressure ratio of 5:l. 
Combustors. - Two combustor configurations were used in this 
investigation. In order to improve the altitude starting characteris-
tics, the original combustQrs were modified by increasing the size of 
the cross-fire tubes (fig. l(b)), by adding deep immersion, opposite 
polarity spark plugs and by adding baffles to some of the secondary air 
holes in the combustor liners to direct the air flow to the center of 
the combustion zone (fig. l(c)). 
Each of the eight combustors had a duplex fuel nozzl~ to maintain 
a desirable fuel-spray pattern for both high and low fuel flows. An 
automatic flow divider distributed the fuel between the high-flow and 
the low-flow sections of the nozzles. 
Turbine. - The single-stage impulse turbine rotor had a tip diam-
eter of 34.3 inches and a blade height of ~ inches. The turbine rotor 
is shown in figure led). 
INSTALLATION AND INSTRUMENTATION 
Installation. The engine was mounted on a wing in the wind-
tunnel test section. Dry refrigerated air was supplied to the engine 
inlet through a duct from the tunnel make-up air system. In this sys-
tem, air is throttled from approximately sea-level pressure to an 
engine-inlet stagnation pressure corresponding to the desired flight 
condition. 
Instrumentation. - Location of the instrumentation used to deter-
mine component performance is shown in figure 2. The temperatures 
measured at the exhaust-nozzle inlet (station 8) were used as the 
turbine-outlet temperatures because it was found that the temperatures 
measured at station 6 were affected by radiation because of the prox-
imity of the turbine. 
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The pressures at stations 1, 6 , and 8 were measured with Alkazene 
manometers, whereas those at stations 3 and 4 were measured with mer-
cury manometers. The temperatures at stations 1 and 3 were measured 
with iron-constantan thermocouples and those at stations 6 and 8 were 
measured with cromel-alumel thermocouples . The values of pressure and 
temperature used to determine component performance were arithmetic 
averages of the values measured at each station. 
PROCEDURE 
For unscheduled engine operation, a two-level control system was 
employed by which engine speed and exhaust-nozzle area were controlled 
'separately. With this system and with the original combustors 
installed, data were obtained over a range of exhaust- nozzle areas at 
several fixed engine speeds, at altitudes of 15,000 and 45,000 feet, 
and a flight Mach number of 0.19. 
With the engine on the electronic control schedule and with the 
original combustors installed, data were obtained at simulated altitudes 
from 5000 to 55,000 feet with a flight Mach number of 0.19, and at 
25,000 feet with simulated flight Mach numbers from 0 .19 to 0.92. With 
the modified combustors installed, data were obtained at altitudes of 
6000, 35,000, and 45,000 feet with a flight Mach number of 0.19. 
The compressor-inlet stagnation pressure was set to correspond to 
the desired flight condition assuming 100-percent diffuser recovery. 
The inlet-stagnation temperatures were set at NACA standard values for 
each flight condition, except that temperatures below 4370 R could not 
be obtained. 
Fuel conforming to specification MIL-F-5624 (AN-F- 58a) with a 
lower heating value of 18,900 Btu per pound was used throughout the 
investigation. 
Symbols used in this report are defined in appendix A and the 
method used in calculating gas flow is included in appendix B. Methods 
used in calculating flight Mach number, temperature, and turbine effi-
ciency are presented in reference 4. Methods of calculating compressor 
and combustion efficiency are given in references 2 and 5, respectively. 
RESULTS AND DISCUSSION 
Component-performance data are presented in numerical form in 
tables I to III. 
• 
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Compressor 
Unscheduled operation. - Compressor performance maps for altitudes 
of l5,000 and 45,000 feet and a flight Mach number of 0.l9 are presented 
in figure 3. Superimposed on these maps are lines of constant exhaust-
nozzle area, representing the maximum and minimum areas scheduled by 
the electronic control, and one intermediate area. When the exhaust-
nozzle area was changed from 2.94 to 2.22 square feet, compressor effi-
ciency changed by less than 2 percent at all engine speeds and for 
either fiight condition. Interpolation shows that at an altitude of 
l5,000 feet, this change in nozzle area caused an approximately 
lO-percent increase in pressure ratio at a corrected engine speed of 
8000 rpm, and a 6-percent .increase at 6000 rpm. At an altitude of 
45,000 feet, compressor pressure ratio was increased about l4 percent 
at 8000 rpm and 9 percent at 6000 rpm. 
Scheduled operation. - The electronic control schedules the rela-
tion between exhaust-nozzle area and engine speed N as shown by the 
sea-level curve in figure 4(a). As altitude is increased at a constant 
flight speed, compressor-inlet temperature decreases and therefore at 
a given engine speed N corrected engine speed N/~ increases with 
altitude; thus the exhaust nozzle-area varies with altitude for a given 
N/~ (fig. 4(a)). A similar relation occurs when flight speed is 
varied at a given altitude. 
The experimental variation in exhaust-nozzle area with corrected 
engine speed for various altitudes from 5000 to 55,000 feet at a flight 
Mach number of 0.l9 is shown in figure 4(b). Because of refrigeration 
limitations, inlet temperatures of about _200 F were used for the 
investigations at altitudes over 25~000 feet instead of the standard 
inlet temperatures for these flight conditions. Therefore the relation 
between corrected engine speed and nozzle area was different from that 
which would have occurred had standard temperatures been used. When 
figures 4(a) and 4(b) are compared, it is apparent that at a corrected 
engine speed of 7000 rpm the nozzle area was about 2.7 square feet for 
altitudes of 35,000 feet and over, and that the area would have been 
about 2.85 square feet with standard inlet temperatures. Interpolation 
in figure 3(b) shows that this change in area would change compressor 
pressure ratio only about l~ percent. The corresponding effect on air 
flow and compressor efficiency is negligible. 
Effect of altitude on compressor operating lines. - Operating lines 
obtained with the electronic control schedule for altitudes from 5000 to 
55,000 feet and a flight Mach number of 0.l9 are presented in figure 5(a). 
The position and 4he slope of the corrected engine speed lines on this 
6 NACA RM E51I13 
plot were determined by interpolation from figures 5(b) and 3, res·· 
pectively. The operating lines were coincident for altitudes from 
5000 to 25,000 feet, and for altitudes over 25,000 feet engine air flow 
decreased at a given corrected engine speed. This reduction in air 
flow with altitude is attributed to the decrease in Reynolds number with 
altitude. It is also apparent in figure 5(a) that the constant speed 
lines cross corresponding compressor operating lines at the same value 
of compressor pressure ratio at all altitudes. Therefore, if pressure 
ratio were plotted against corrected engine speed, the data for all 
altitudes investigated would fall on a common curve. Investigation of 
an earlier model of the J47 turbojet engine (reference 2) showed a 
slight increase in compressor pressure ratio with altitude at given 
corrected engine speeds above 6000 rpm. This difference might be attri-
buted partly to the increase in exhaust-nozzle area with altitude due 
to the control schedule. As previously discussed, if standard inlet 
temperatures had been used for the investigations at altitudes over 
25,000 feet, the exhaust-nozzle area would have been slightly larger 
and the compressor pressure ratio would have been about l~ percent 
lower at corrected engine speeds of approximately 7000 rpm. H~wever, 
this variation in pressure ratio was within the accuracy of the data. 
The compressor air flow at an altitude of 5000 feet and at a corrected 
engine speed of 7950 rpm was about 100 pounds per second. 
Effect of flight Mach number on compressor operation lines. - Com-
pressor operating lines on the electronic control schedule at an alti-
tude of 25,000 feet and flight Mach numbers from 0.19 to 0.92 are 
plotted in figure 6(a). The corrected engine speed lines were inter-
polated from figure 6(b). 
The constant corrected engine-speed lines are coincident for all 
flight Mach numbers investigated, indicating that the Reynolds number 
change was too small to affect air flow. 
At a given corrected engine speed, compressor pressure ratio 
decreased with increasing flight Mach number. This relation occurs 
because of the increase in compressor-inlet pressure with flight Mach 
number so that a given corrected engine speed can be maintained with a 
smaller pressure rise across the compressor. 
Compressor efficiency. - Curves showing the effect of corrected 
engine speed, altitude, and flight Mach number on compressor efficiency 
are presented in figure 7. 
For all flight conditions investigated, the peak compressor effi-
ciency occurred in the region of corrected engine speeds between 6000 
and 6500 rpm somewhat below the cruising speed range. Efficiency 
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decreased sharply when the engine speed was reduced or increased from 
this range of speeds . A maximum compressor efficiency of 86 percent 
was obtained at an altitude of .5000 feet, a flight Mach number of 0 .19, 
and a corrected engine speed of 6000 rpm. For the same flight condi-
tion at maximum engine speed, the compressor efficiency was 78 percent . 
When the altitude is increased from 5000 to 45,000 feet at any 
constant corrected engine speed above 5500 rpm, a decrease in compressor 
efficiency of approximately 5 percent resulted (fig . 7(a)). This change 
in compressor efficiency with altitude is attributed to the change in 
Reynolds number and is similar to the previously shown effect of alti-
tude on the compressor air flow. The compressor efficiency curve for 
15,000 feet altitude is below those for 25,000 and 35,000 feet over the 
upper range of engine speeds. However, unscheduled engine data for the 
same flight condition indicated that the curve should be about 2 per-
cent higher over this range of speeds (fig. 3). It was therefore con-
cluded that this discrepancy was caused by data error. 
On the compressor performance maps, the constant speed lines and 
the efficiency contours are nearly parallel at high corrected engine 
speeds, and approximately perpendicular to each other at low engine 
speeds (fig. 3). Consequently, changes in compressor pressure ratio 
have little effect on efficiency at high engine speeds and a large 
effect at low speeds. Compressor efficiency therefore decreased with 
increased flight Mach number (decreasing compressor pressure ratio) at 
corrected engine speeds below 6000 rpm (fig. 7(b)). At corrected engine 
speeds above 7000 rpm, the efficiency increased slightly with increas-
ing Mach number, probably because of the corresponding increase in com-
pressor Reynolds number. 
Effect of Reynqlds number on compressor performance. - Shifts in 
the efficiency contours and corrected engine speed lines on compressor 
performance maps, with changes in flight conditions (fig .. 3) have been 
attributed to changes in compressqr Reynolds number. In order to show 
more clearly the effect of Reynolds number on compressor performance, 
cross plots (fig. 8), showing compressor corrected air flow and effi-
ciency as functions of Reynolds number index, were made from the data 
in figures 5(b) and 7(a). For a given compressor Mach number (corrected 
engine speed), Reynolds number index varies linearly with Reynol ds num-
ber and is defined as the ratio of Reynolds number at altitude to Rey-
nolds number at standard sea- level conditions: 
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The effect of Reynolds number index on efficiency was nearly the 
same at all values of engine speed (fig. 8(a)). The critical value of 
Reynolds number index was approximately 0.4. Changing Reynolds number 
index from 0.88 to 0.4 resulted in a decrease in compressor efficiency 
of only approximately 2.5 percent, whereas changing the index from 
0.4 to 0.11 resulted in a decrease in efficiency of approximately 
5 percent. 
There was no appreciable effect of Reynolds number on the cor-
rected air flow in the range of values above critical (0.4) (fig. 8(b)). 
At values of Reynolds number index below critical, air flow decreased 
with Reynolds number index. 
Combustors 
Combustion efficiency. - With the original combustors installed 
and with the engine operating on the electronic control schedule, com-
bustion efficiency increased with increasing corrected engine speed 
(fig . 9). At a given corrected engine speed, combustion efficiency 
decreased with an increase in altitude (fig. 9(a)) and increased with 
flight Mach number (fig. 9(b)). The effect of changes in altitude or 
flight Mach number was greater at lower engine speeds. Combustion effi-
ciencies for corrected engine speeds below 4000 rpm were of question-
able accuracy and therefore omitted from these plots. 
Comparison of the data in figure 9 with similar data from previous 
investigations of the J47 turbojet engine (reference 5) shows that in 
the present investigation, combustion efficiency was more sensitive to 
changes in engine speed, altitude, and flight Mach number. ~nis may be 
attributed to the increased air flow in the prototype J47D (RXl-l) tur-
bojet engine resulting in higher combustor velocitie s t han obtained 
with the earlier model of the turboj et engine at similar flight 
conditions. 
During nonscheduled operation, changing the exhaust-nozzle area 
from maximum to minimum had little effect on combustion ef ficiency . At 
an altitude of 15,000 feet and a fli ght Mach number of 0.19, changing 
the nozzle position from full open t o full closed resulted in a 
l-percent increase in combustion efficiency when the corrected engine 
speed was maintained at 8310 rpm (fig . 10). 
Comparison of the operating lines for the modified combustors 
(fig . 11) with those for the origi nal combus t or s (fig . 9 ) shows that 
at engine speeds near rated the combustion efficiencies of the modified 
combustors were 1 or 2 percent hi gher. Also, the effi ciency of the 
modified combustors did not reduce a s rapidly with decreasing engine 
speed. 
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The effects of altitude, engine speed, and flight Mach number on 
combustion efficiency indicate that operating conditions that cause 
higher values of combustor-inlet pressure and temperature are con-
ducive to higher values of combustion efficiency. This fact is 
apparent from correlation of combustion efficiency in terms of the com-
bustor parameters P3T3/V3 and fuel-air ratio f/a for both the orig-
inal and modified combustors (fig. 12). The parameter P3T3/V3 has 
been used to correlate the combustion efficiency of several combustors 
(reference 9). With this combustor, however, some spread with fuel-
air ratio was obtained. For values of P3T3/V3 above 12,000, the com-
bustion efficiency was nearly constant for each combustor regardless of 
the value of the fuel-air ratio. At values of P3T3/V3 below 12,000, 
combustion efficiency decreased with decreasing P3T3/V3 and there was 
also a trend towards decreasing efficiency with decreasing fuel-air 
ratio at a given value of P3T3/V3. For values of P3T3/V3 above 
12,000, the combustion efficiencies for the modified combustors are 
approximately 2 percent higher than the original combustors. FQr 
values of P3T3/V3 below 12,000, the gain in efficiency obtained with 
the modified combustors increased with decreasing P3T3/V3. 
Combustor pressure drop. - From the momentum equation for gases 
passing through the combustors, the following equation may be derived 
(see appendix B): 
Data for various altitudes and flight Mach numbers are plotted to show 
P3 - P4 
as a function of T4/T3 qb for both the original and modified 
combustors (fig. 13). From equation (1), when T4/T3 equals 1.0, 
P3 - P4 
equals CDf • By extrapolating the data in figure 13 to qb 
T4/T3 equals 1.0, it is apparent that the friction-drag coefficients 
for the original and the modified burners are approximately 10.0 and 
12.0, respectively. With these values of drag coefficient, 
P3 - P4 the theoretical curves of = T4/T3 - 1 + CD were plotted in % f 
figure 13. Scatter of the data about these theoretical lines indicates 
fair agreement between the theoretical and the experimental values of 
combustor pressure drop (that is, the average slope of the data is 
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approximately the same as the slope of the theoretical lines). Values 
of pressure drop based on the inlet total pressure 
P3 - P4 
are pre-
sented in the tables. 
The improved combustion-efficiency characteristics and increased 
pressure loss obtained with the modified combustors are most likely due 
to improved fuel distribution and increased turbulence in the combustor 
caused by the addition of the baffles to the secondary air holes in the 
combustor liners. 
Turbine 
Engine on electronic control schedule. - Curves are presented in 
figure 14 that show the effect of altitude and corrected engine 
speed N/~ on the parameters T4 N P4 and Wgz4~ T)V el' -;re4} p} 04 Y4!1.4 6 
when the engine is operating on the electronic control schedule. Data 
for corrected engine speed below 4000 rpm were omitted in these plo~s 
because of dubious accuracy. 
FQr corrected engine speeds over 4000 rpm, the values of turbine 
efficiency were between 79 and 86 percent (fig. 14(a)). The effects of 
altitude and engine speed on efficiency were small over this speed 
range, and scatter of the data precludes determination of any definite 
trends. Corrected turbine-inlet temperature was not affected appreci-
ably by increases in altitude up to 25,000 feet but increased with 
altitude above 25,000 feet (fig . 14(b)). This phenomenon was due to 
the Reynolds number effects on the compressor, which reduced compressor 
efficiency at higher altitudes so that an increase in turbine power was 
required to attain a given engine speed. The reduction in corrected 
turbine speed with altitude above 25,000 feet follows from the effect 
of altitude on corrected turbine-inlet temperature (fig . 14(c)). At a 
given corrected engine speed, the turbine pressure ratio was not appre-
ciably affected by an increase in altitude up to 35,000 feet 
(fig. 14(d)). At higher altitudes, turbine pressure ratio decreased 
slightly with altitude. Although critical pressure ratios exist across 
the turbine at corrected engine speeds over 5000 rpm, there is a slight 
increase in corrected turbine gas flow with corrected engine speed in 
this range indicating that there may be changes in the effective tur-
bine nozzle area (fig. 14(e)). 'rbe trend is small, however, compared 
with the amount of data scatter. Altitude has no discernible effect on 
the corrected turbine gas flow. 
• 
• 
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At a given corrected engine speed) neither variation of flight 
Mach number from 0.19 to 0.92 at an altitude of 25)000 feet nor v~ri­
ation of exhaust-nozzle area from maximum to minimum had any appreci-
able effect on turbine efficiency (tables I and II). 
SUMMARY OF RESULTS 
The following results were obtained from an investigation of the 
performance of the components of a prototype J47D (RXl-l) turbojet 
engine in the NACA Lewis altitude wind tunnel: 
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1. For all flight conditions investigated) the peak compressor 
efficiency occurred in the range Of corrected engine speeds between 
6000 and 6500 rpm) which is below the specified engine cruising speed 
range. A maximum value of 86 percent was obtained at an altitude of 
5000 feet) a flight Mach number of 0.19) and corrected engine speed of 
6000 rpm. At the same flight condition) but at maximum speed) the 
efficiency was 78 percent. 
2. At cQrrected engine speeds above 5500 rpm and a flight Mach num-
ber of 0.19) changing altitude from 5000 to 45)000 feet caused approxi-
mately a 5-percent reduction in compressor efficiency. Corrected air 
flow at constant corrected engine speeds was not affected by an 
increase in altitude up to 25)000 feet) but decreased when altitude was 
further increased. The reductions in compressor efficiency and cor-
rected air flow with increasing altitude are attributed to corresponding 
reductions in compressor Reynolds number. Critical Reynolds number 
index for the compressor was of the order of 0.4. 
3. At an altitude of 25)000 feet) changing flight Mach number from 
0.19 to 0.92 had no effect on corrected air flow but resulted in a 
reduction in compressor efficiency at corrected engine speeds below 
6000 rpm and a small increase in efficiency at corrected engine speeds 
above 7000 rpm. 
4. Combustion efficiency increased with increasing corrected 
engine speed. At a given corrected engine speed the combustion effi-
ciency increased with fli ght Mach number and decreased with an increase 
in altitude. These effects are probably due to the corresponding 
increases in combustor-inlet pressure and temperature. 
5 . At approximately rated engine speeds) the modified combustor 
gave combustion efficiencies 1 or 2 percent higher than the original 
combustors. Also) the efficiency of the modified combustor did not 
reduce as rapidly with decreasing engine speed. 
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6 . It wa~ possible to correlate combustion efficiency, for each 
combustor type, in terms of the fuel-air ratio and the parameter P3 T3 
V3 
where P3' T3' and V3 are the stagnation pressure, stagnation temper-
ature, and velocity, respectively, at the combustor inlet. Also, com-
bustor pressure-drop parameter 
P3 - P4 
where P3 is the stagnation qb 
pressure at the combustor inlet, P4 is the stagnation pressure at the 
turbine, and qb is the theoretical dynamic p:ressure at the combustor 
inlet, was correlated in terms of combustor temperature ratio. Fric-
tion drag coefficients of the original and modified combustors were 
10.0 and 12.0, respectively. 
7. At corrected engine speeds over 4000 rpm, the turbine effi-
ciency values were between 79 and 86 percent for altitudes from 5000 
to 55,000 feet with a flight Mach number of 0.19. Variation of 
exhaust-nozzle area, or of flight Mach number from 0.19 to 0.92 had no 
appreciable effect on turbine efficiency. 
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The follOwing symbols were used in this report: 
cross-sectional area, sq ft 
combustor friction drag coefficient 
fuel-air ratio 
acceleration due to gravity, 32.2 ft/sec 2 
Mach number 
mass flow, slugs/sec 
engine speed, rpm 
stagnation pressure, lb/sq ft abs. 
static pressure, lb/sq ft abs. 
theoretical dynamic pressure at combustor inlet; calculated 
using stagnation pressure, stagnation temperature, and 
air flow at station 3, combustor cross-sectional area 
(3. 85 sq ft), and y = 1.4. 
gas constant, 53.4 ft-lb/(lb)(~) 
stagnation temperature, ~ 
velocity, ft/sec 
air flow, lb/sec 
fuel flow, lb/hr 
gas flow, lb/sec 
ratio of specific heats 
stagnation pressure pressure correction factor, 






d~nsity, slugs/cu ft 
absolute viscosity, lb-sec/ft2 
temperature correction factor, product of y 
tion temperature divided by product of y 
ture at NACA standard sea-level conditions 
viscosity correc~iQn factor, 
air visc9sity ~ 
air visCQsity with NACA stand-' ~O 













corrected engine speed, rpm 
corrected turbine speed, rpm 
corrected turbine-inlet temperature, ~ 
corrected compressor air flow, lb/sec 
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0 ambient 
1 compressor inlet 
t"-
o 3 compressor discharge, combustor inlet 
to 
(\.J 
4 combustor discharge, turbine inlet 
6 turbine discharge 
8 exhaust-nozzle inlet 
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APPENDIX B 
CALCULATIONS 
Air flow. - The air flow at station 1 was calculated from pressure 
and temperature measurements by use of the equation 
yl-l 
(Y:-:)R:1 IT:~) Y -j (Bl) 
where y 1 = 1. 4 . 
Starter- cooling Ws c' compressor-leakage Wc 1, and turbine-cooling , , 
air flows were calculated from pressure and temperature measure-Wt c , 
ments assuming incompressible flow. The starter-cooling air is ram air 
inducted through a hole in the starter fairing and discharged into the 
engine inlet aft of station 1. Compressor-leakage air is dumped over-
board, and turbine-cooling air is bled from the eighth stage of the 
compressor and returned to the main airstream at the turbine. The air 
and gas flows at various stations through the engine were calculated as 
follows: 
Compressor-inlet air flow, Wa 1 = Wa l' + Ws c (B2) , , , 
CQmpressor-discharge air flow, Wa ,3 = Wa,l - Wc,l - Wt,c (B3) 
Combustor-discharge gas flow, Wg,4 = Wa ,3 + Wf (B4) 
Combustor pressure loss. - The expression for combustor pressure 
loss is derived as follows: 
It is assumed: 
(1) The fluid flow in the combustor is incompre s sible. 
(3) The burning area between stations b and x i s constant CAb = Ax)· 
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-~ 
--~-4------------------~-
s tation 3 b x station 4 
The momentum equation yields 
P~b + IntVb = P:0b + IDxVx + CDf Ab qb 
2 _ 2 ~~ + AbPbVb - Px~ + Ab pbVx + CDf ~ qb 
(B5) 
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Combustor- reference dynamic pressure . - In order to calculate a 
combustor- reference dynamic pressure, based on the tot al combustor cross-
sectional area (3 . 85 sq ft), a combustor- reference Mach number was first 




Pb Y3 (1 + \1 M" ~ Y3 - 1 
therefore 
(B9) 
where Y3 1 . 40 
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TABLE I - COMPONENT PERFORMANCE OF PROTOT'{PE J470 (RXl-l) TURBOJET 
Q) ell ~ ~ I I ~~ - ~~ ~Q) ~ -- Q) ~ ~ ~ ~ ~ ~~ ~ ~~ ~~ ~Q) en ~~ -- 3E : 
_ ~ ~C8~ ~ccC:;~E ~ ~~ :~ :~ ~ ~E ~ alf f 
.... NC'lI ...-to ....... O.o ,op.-P"CI.p Ql Q) Q)cn.pCJo.aS~Q) 0. 
~ ~ g~:;- ~E~~~~i~~g~~ ~g~~~ =e1i' ~~c:~~gtOt: ~~ _~~G.rl 
: z a ~ i ~ ~ ~ ~: ~ ~ ~ ~:1 ~ ~ ~ ~ ~ E - ~: - ~ g ~ ~ ~ Q. ~ Z ~ ~ ~ ~ f~ 
~ ~ Q! ~~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ j ~ ~: ~ ~ j ~ 
tl tt - lj o 8 ~ 8 ~8~ ~cn ~ t2 ~~ - ~ 8 
1 5000 1747 ~021 0.-173 7955 5315 2 . 31 f- 504 1784 9450 897 2050 ~6 +--3~6~0-4-!I--l~7-1-1-J.-5-.2-9-5...j 
§ 
'" 
2 1764 1.021 . 173 7955 4770 2 .39 505 1801 9289 892 1940 8913 3415 1600 5.155 
3 1761 1.021 .173 7955 4485 2 .45 503 1798 9206 886 1870 8773 3270 1533 5 . 12 
4 17571.022.1767955 4235 2 . 56 504 1796 9080 882 1825 8642 3176 14865.06 
5 1754 1.021 . 173 7692 3790 2 . 56 504 1791 8613 859 1729 8242 3041 1408 4 . 81 
6 1754 1.023 .180 73 86 3340 2 . 57 507 1794 8261 833 1615 7855 2892 1320 4.60 
7 1749 1.023 . 180 6993 2860 2 . 61 504 1790 75 94 809 1520 7204 2 708 1239 4. 24 
8 1756 1.027 .195 5944 1675 2 . 91 505 1804 5663 732 1250 5348 2221 1036 3.14 
9 1766 1.025 . 188 5114 1227 2 . 94 504 1811 43 63 677 1155 4120 2037 995 2 . 41 
10 1772 1. 033 .216 4091 1020 2 .94 504 1830 3086 610 1165 2!142 1931 1067 1. 69 
i~ i;~~ i:g~~ : i~~ ~!~ ~i~ I n! ~g~ i~g~ i~~6 ~~~ m~ m~ i~g~ ii66 Ug 
~~ I'~ ,vvv ~~~~ 1 :~~~ : ~~~; ;;~~ ~~~g I ~ : ~~ g~ i~i~ ~~~i ~;6 i~~~ ~;i~ ~;~~ i~~~ ~: ~~ 
15 1191 1.023 . 180 7955 3100 2 . 55 473 1218 6412 866 1855 3116 2233 1509 5.26 
16 1188 1. 026 . 192 7692 2690 2 . 55 473 1219 6084 838 1713 5807 2121 1386 4.995 
i~ ii~~ i:g~~ : i~~ ~~~~ i~~~! ~ : ~i ! ;~ g~~ ~g~~ ;~~ g6~ ;~~! i~~~ 1~~~ ~:~~ 
~6 g~g U~~ : m ~6~1 ~~~! ~ : ~i g~ m~ ~m ~~~ ii6~ ~6~~ ij~i 1~~~ n~ 






1225 1662 537 1130 11~0302 11224347 1067 1.36 
22 1190 1. 029 . 203 244 8 1224 1451 509 1112. 1081 1.19 
I~~I~~'UUU ~~~ 1:g~~IU:~~6 ;~~~ ~~~~ ~ :~~ !~~ ~~~ :~~~ ~;~ ~ig~ !~~~ i;~~ i;!~ ~ : ;~ 
25 781 1.023 . 180 7955 2380 2 .40 463 799 4401 864 1970 4199 1606 1619 5.51 
26 783 1.023 . 180 7955 2270 2 .4 5 465 801 4327 874 1916 4158 1556 1552 5 .40 
27 782 1.023 . 180 7955 2150 2 . 53 464 800 4285 853 1860 4080 143 a 1515 5.35 
28 784 1.022 . 176 7692 1875 2 . 58 463 801 40 73 832 1720 3888 1425 1390 5 . 08 
29 782 1.024 . 184 6993 1385 2 . 61 463 801 3572 774 1481 3405 1280 1198 4.4 6 
30 781 1. 024 . 184 5944 850 2 . 89 465 800 2727 695 1203 2580 1038 980 3 . 42 
31 781 1.027 . 195 5114 645 2 . 94 4 64 802 2070 639 1102 1957 941 937 2 . 58 
32 783 1.028 . 199 4091 570 2 .94 4 65 805 1425 577 llOO 1361 867 993 1. 77 
33 780 1.032 .212 2046 300 2 . 94 466 805 913 496 1101 897 816 1073 1.14 
34 774 1.198 . 515 7955 3065 2 . 23 4 65 I 927 5301 874 2077 5067 1959 1722 5.72 
35 772 1.198 . 515 7955 3065 2 .23 466 925 5267 865 2041 5032 1948 1698 5 . 68 
36 777 1.190 . 505 7955 2590 2 . 42 466 925 5042 856 1902 4804 1785 1554 5.45 
37 774 1.193 . 509 7955 2330 2 . 55 4 66 923 4869 850 1790 4635 1651 1440 5.28 
38 775 1.192 . 507 7692 2010 2 . 58 464 924 4624 824 1639 4404 1560 1315 5.00 
39 776 1.201 . 519 6993 1445 2 . 62 463 932 4093 766 1408 3896 1396 ll27 4.3~ 
40 776 1. 202 . 520 5944 759 2 . 89 463 933 3064 687 1089 2884 1093 870 3.28 
41 779 1 . 204 . 522 5114 512 2 . 93 4 63 938 2304 632 954 2159 965 788 2 .46 
42 781 1.195 . 511 4091 421 2 .93 463 933 1576 566 889 1486 870 788 1.69 
43 776 1.397 . 708 7955 3405 2 . 23 467 1084 6056 863 2020 5793 2225 1677 5 . 58 
44 774 1.397 . 708 7955 2885 2.42 471 1081 5766 861 1 86 9 5497 2018 1523 5 .34 
45 782 1.391 . 704 7955 2545 2 . 55 472 1088 5611 855 1750 5290 1864 1405 5.15 
46 7811.394 . 7067692 2170 2 . 55 473 1089 5306 828 1609 5054 1747 12954.87 
47 779 I. 401 . 711 6993 1520 2.60 474 1091 4630 775 1368 440 2 1549 1090 4.24 
48 782 1.391 . 704 5944 677 2 .91 475 1088 3347 693 1022 3137 1137 808 3.07 
49 781 1.399 . 710 5114 376 2 . 93 475 1093 2435 632 854 2268 966 695 2 . 23 
50 779 1.403 . 713 4091 241 2.93 466 1093 1701 562 734 1593 887 638 1.57 
51 786 1.732 . 922 7955 3840 2 . 14 509 1361 7108 904 2010 6766 2661 1668 5.22 
52 782 1. 730 . 921 7955 3705 2 . 26 512 1353 6977 905 1993 6669 2596 1645 5 . 15 
53 779 1.720 . 916 7955 3150 2 .37 504 1340 6705 888 1825 6398 2343 1482 5.00 
54 786 1. 734 . 923 7955 2955 2 .4 5 511 1363 6654 891 1758 6338 2259 1428 4.88 
55 779 1.736 . 924 7955 2775 2 . 53 504 1352 6592 878 1710 6246 2163 1372 4.87 
56 788 1 . 731 . 922 7692 2485 2 . 53 508 1364 6250 860 1611 5938 2045 1290 4.58 
57 781 1. 730 . 921 6993 1564 2 . 63 505 1351 53 26 800 1332 5036 1707 1056 3.94 
58 784 1.727 . 920 5944 573 2 . 91 510 1354 3742 720 968 3479 1209 761 2.76 
59 779 1.734 . 923 5280 277 2 .91 501 1351 2873 659 793 2660 1024 635 2 . 13 
~~ 35 , uOO gt i : g~ O :i ~~ ;~~~ i~~ ~ :~8 !~~ ~g~ ~~~~ ~~~ ~~~ m~ ig~~ i~~~ ~:~! 
62 498 1.020 . 169 6993 968 2 . 63 451 508 2337 761 1490 2231 825 1209 4.60 
63 498 1.022 . 176 5944 615 2 . 89 452 509 1781 684 1208 1688 667 985 3.50 
64 494 1.028 . 199 5114 490 2 .93 45 1 508 1302 625 1100 1235 594 930 2.56 
65 494 1.034 .?2~1 ... 9+-,4",0",9""1-+-n4",,8*0+~2r.79,,"3..t--:;.4T5~1_t-...;50i1,,lH_189.~367--84 ~856:97-- 1109 926 548 1009 1.89 
I"" 4~,UlJlJ 3u8 1.U39 . 23~ 7955 1130 2 .475 448 320 2059 1746 657 1702 5.73 
67 310 1.023 . 180 7955 1088 2 . 56 447 317 1808 860 2036 1729 645 1681 5 . 70 
68 303 1.026 .192 7955 1036 2 . 56 445 311 1771 855 2010 1687 626 1659 5 . 35 
69 310 1.032 . 212 7955 1020 2 . 61 44 5 320 1800 857 2005 1718 628 1648 5.53 
70 303 1.026 . 192 7692 890 2 . 58 44 6 311 1645 829 1871 1573 583 1538 5.29 
71 310 1. 026 . 192 7386 768 2 . 58 447 318 1593 800 1728 1514 577 1415 5 . 01 
72 301 1. 027 . 190 7386 780 2 . 61 451 309 1544 805 1736 14 75 556 1422 5.00 
73 306 1. 033 . 216 6993 689 2 . 62 447 316 14 71 769 1585 1406 541 1294 4.65 
74 311 1.026 .192 5944 47 5 2 . 855 4 5 1 319 1127 6 93 1280 1071 440 1060 3.53 
75 310 1.032 . 212 5114 392 2 .94 450 320 829 631 1160 789 380 991 2 . 59 
r:r:nl~~~"V~vvIT--~~~~~:?~IT~~~:g~~:~~:n-~:~~:I~:n-~;~~95:~5:~-~: 6~:5~9~~~~~:~6:~~-+~!~5:~'!--+-~~~~'i~--1~lu:~~~i~~~!~~~~--~~~~:~!~~~-nig~!~ir-+-~~~~k~-+--'i~~6i~i~fi~: !~~~ 
79 190 1.032 . 212 7955 635 2 .705 453 196 1087 876 2038 I 1039 381 1677 5.55 
80 190 1.037 . 228 7692 645 2 .58 454 197 1048 853 1999 1001 370 1657 5.33 
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85 . 69 8074 99 . 87 76 .3 30 ,371 96 . 1 9 . 62 0 . 0177 2 . 285 0 . 038 2 . 524 82 . 7 2111 4135 40 . 56 1 
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1
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31.81 6277 79.68 84 . 9 5,864 89 . 6 10.57 . 0076 1 . 731 . 054 2 .486 85 . 4 1343 3963 39 . 84 30 
24.98 5411 62 . 28 82 . 6 4,484 84.1 10.92 . 0073 1 . 725 . 055 2 . 080 83 . 0 1233 3551 39 . 36 31 
15 . 88 4320 39 . 53 73 . 6 3,147 69 .1 11.51 . 0101 1.906 . 045 1 . 570 85 . 1 1228 2845 36 . 19 32 
8 . 20 2159 20 .43 56 . 8 2,736 76.7 8 .33 . 0104 2 . 220 . 018 1 . 099 101.6 1227 1423 28 . 18 33 
47.28 8400 102.22 73 . 5 13,993 96 . 0 11.92 . 0185 2. 3 76 . 044 2 . 587 83 . 8 2318 4111 40.48 34 
46 . 64 8393 101.15 75 .3 14,237 92 . 9 12.39 . 0187 2 . 360 . 045 2 . 583 82 . 3 2274 4145 39 .86 35 
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46.26 8393 100 . 54 73 . 9 12,676 94.4 11.73 . 0143 2 . 106 . 048 2 . 807 86 . 2 1994 4405 39 .9~ 37 
46 . 16 8B8 99 . 91 75 . 4 11,848 92.7 10.82 . 0124 1.989 .048 2 . 823 85 . 2 1834 4436 39 . 98 38 
43.74 7406 93 . 76 80 . 5 9,707 93 . 8 10 . 23 .0094 1.838 .048 2 . 791 84 . 7 1578 4330 39 . 42 39 
37 . 10 6295 79 . 45 83 . 7 6,632 91. 8 10 . 87 . 0058 1.585 . 059 2 . 639 86 . 4 1221 4151 39 . 40 40 
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53 . 19 8385 101. 60 74 . 2 15,327 96 . 5 11.39 .0151 2 . 171 .047 2 . 724 84 . 4 2060 4316 40 . 59 44 
53 . 48 8345 101.51 73.8 14,441 97 . 2 13 .30 . 0132 2 . 047 . 057 2 . 838 85.7 1925 4456 40 . 40 45 
53 . 03 8054 100.62 76.3 13,444 96 . 7 10 . 33 . 0114 1.943 .048 2.893 82 . 0 1765 4475 40.48 46 
49.80 7315 94.29 80 . 6 10,913 95.0 9.84 . 0085 1 . 765 . 049 2 . 842 84.4 1498 4387 39 . 91 47 
41.62 6211 78 . 81 82 . 6 6,945 96 . 5 10 .45 . 0045 1.475 . 063 2 . 759 85 . 8 1117 4276 39 . 44 48 
32 . 96 5344 61.99 77 . 9 4,627 91.7 10 . 55 .0032 1.351 . 069 2 . 348 87 . 6 933 4008 39 . 76 49 
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TABLE II - COMPONENT PERFORMANCE OF PROTOTYPE J470 ( RXl - l) TURBOJET ENGINE ; 
2 . 26 
2 . 36 
2 . 39 
2 . 50 
2 . 58 
2 . 75 
3 . 19 
2 . 14 
2 . 23 
2 . 26 
2 . 42 
2 . 70 
3 . 19 
2 . 14 
2 . 29 
2 . 39 
2 . 50 
2 . 70 
3 . 19 
2 . 14 
2 . 26 
2 .36 
2 . 70 
2 . 75 
3 . 19 
2 . 14 
2 . 26 
2 . 45 
2 . 55 
2 . 70 
3 . 19 
2 . 14 
2 . 26 
2 . 39 
2 . 47 
2 . 68 
2 . 93 
3 . 19 
2 . 45 
2 . 55 
2 . 63 
2 . 77 
:3 . 18 
2 . 29 
2 .39 
2 . 395 
2 . 50 
2 . 50 
2 . 60 
2 . 63 
3 . 19 
2 .14 
2 . 23 
2 .45 
2 . 63 
3 . 1 9 
2 .14 
2 .17 
2 . 50 
2 . 79 
3 . 19 
2 . 14 
2 .31 
2 .4 5 
2 . 70 
2 . 91 
3.19 
2 . 14 
2 . 23 
2 . 34 
2.50 
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1475 5 . 22 
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TABLE III - COMBUSTOR PERFORMANCE OF PROTOTYPE J47D ( RX1 - 1) TURBOJET ENGINE ON ELECTRONIC CONTROL SCHEDULE - COMBUSTORS 
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(a ) Compressor r otor . 
Deep immer sion, opposite 
polarity spark plug 
(c ) Interior of modified combustor liner . 
2307 
Cross fire 
openings __ _ 
Modified 
(b ) Original and modified combustor liners . 
~ 
C· 28 345 
(d ) Turbine rotor . 
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Figure 2 . - Cross section of turbojet -engine installation showing sections at which component instr umentation 
was installed . 










































Corrected engine efficiency 
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40 60 80 100 60 80 100 
Corrected air flow, Wa , 1 ,/8l/01' lb/ sec 
(a ) Reynolds number index, 
0 . 64; altitude, 15,000 feet . 
(b) Reynolds number index, 
O. lB ; altitude, 45,000 feet . 
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(b) Experimental variation at a flight Mach number of 0 . l9 . 
Figure 4 . - Varia tion of exhaust- nozzle a rea with altitude and corrected 
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20 40 60 80 100 
Correct ed air flow, Wa ,1,/91/0l' lb/sec 
(a ) Rela tion between corrected a ir flow a nd pressure ratio . 
Figure 5. - Effect of a ltitude on compressor operating lines ; flight 
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V V ~ 
~ f o 
2000 3000 4000 5000 6000 7000 8000 
Corrected engine speed, N/~, rpm 
(b ) Rela tion between corrected a ir flow and corrected engine speed . 
9000 
Figure 5 . - Concl uded . Effect of a ltitude on compressor operating lines ; flight Ma ch number 0 . 19 ; 
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Flight Mach Reynolds number 
number index 
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20 40 60 80 100 
Corrected air flow, Wa ,1,/81/01' lb/sec 
(a) Relation between corrected air flow and pressure ratio. 
Figure 6. - Effect of flight Mach number on compressor operating lines; 







































V Flight Mach Reynolds number 
number index 
V 0 0 . 19 0 . 44 
/ 0 . 51 . 51 <> . 72 . 58 
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2000 3000 4000 5000 6000 7000 8000 9000 
Corrected engine speed, N/,/Bl, rpm 
(b ) Relation between corrected air flow and corrected engine speed. 
Figure 6. - Concluded. Effect of flight Mach number on compressor operating lines; 
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(a) Effect of altitude; flight Mach number, 0.19. 
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I Flight Mach Reynolds number number index 
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4000 5000 6000 7000 8000 
Corrected engine speed, N/,(el, rpm 
(b) Effect of fli ght Mach number ; alt itude 25,000 feet. 
Figure 7 . - Effect of corrected engine speed and flight condition on compressor 
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. 2 . 4 • 6 . 8 
Reynolds number index 5/~~ 
(b) Effec t on corrected a ir flow. 
Fi gure 8 . - Effect of Reynolds number index on 
comuressor per f or mance . 
engine Compressol 
speed - pressure 
(rpm) r a tio 
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I 
5000 2 . 25 
• I 
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4000 5000 6000 7000 8000 9000 
Corrected engine speed, N/,fBi, rpm 
(b) Effect of Mach number altitude 25,000 feet. 
Figure 9 . - Effect of flight conditions on combustion efficiency; 
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Exhaust- nozzle area, A, sq ft 
(b ) Altitude 45,000 feet. 
Figure 10. - Effect of exhaust- nozzle area on combustion efficiency; 



































0 0 0 0 r\ 
-u o ( 0 IV g 
.~ 
:..---~ ~ ~ (). ~ <> 
--< -
. 6000 7000 8000 









Figure 11. - Effect of alti tude on combustion efficiency : 
modified combustors; flight Mach number, 0 .19; engine 
on electronic control s chedule . 
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Combustion- chamber parameter, P3 T3/V3' (lb)(sec) (OR)/cu ft 
24,000 
Figure 12. - Comparison of original and modified combustion- chamber performance . 
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0 Original combustion chamber 
0 Modified combustion chamber 
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Figure 13. - Effect of combustion-temperature ratio on 
pressure-drop coefficier.t. 
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8 ~ T 60 
4000 5000 6000 7000 8000 
Corrected engine speed, N/.fei, rpm 
(a) Turbine efficiency. 
9000 
Figure 14. - Variation of turbine-performance parameters with 
alti tude and corrected engine speed; flight Mach number, 0.19; 
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(c) Corrected turbine speed. 
9000 
Figure 14. - Continued . Variation of turbine -performance parameters 
with altitude and corrected engine speed; flight Mach number, 0 . 19; 
engine on electronic control schedule. 
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(d) Turbine pressure ratio . 
117 
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4000 5000 6000 7000 8000 9000 
Corrected engine speed, N/,(el, rpm 
(e) Corrected turbine gas flow. 
Figure 14. - Concluded. Varia tion of turbine- performance parameters 
with altitude and corrected engine speed; flight Mach number, 0 .19; 
engine on electronic control schedule. 
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